Two new benzoquinones, citriquinone A (1) and B (2), were isolated from the methanol extract of a soil fungus, Penicillium citrinum. The structures of the new compounds were determined on the basis of detailed spectroscopic analysis. Citriquinone A (1) exhibited antibacterial activity against Bacillus sp. and cell migration inhibitory activity (CMIA) against human cancer cell line HEp 2.
In the course of our investigation of bioactive fungal metabolites, we found that the culture broth of a soil fungus, Penicillium citrinum, exhibited strong antibacterial activity against Bacillus sp. Bioassay guided fractionation of the EtOAc extract of the potato dextrose agar (PDA) culture of the fungus involving solvent-solvent partitioning, silica gel column chromatography followed by preparative TLC afforded two new benzoquinones, citriquinone A (1) and B (2) . Natural benzoquinones exhibit an array of important biological activities including antifouling [1] , nematicidal [2] , antimalarial [3] , antitumor [4] , cytotoxic [5] and mosquito larvicidal [6] activities. Herein we describe the isolation and structure elucidation of 1 and 2, antibacterial activity, and preliminary studies on cell migration inhibitory activity (CMIA) of 1 against human cancer cell line, HEp 2.
High resolution ESIMS analysis of citriquinone A (1) gave a pseudo molecular ion at m/z 337. 1646 [M+H] + (calculated for C 18 H 25 O 6 , 337.1644) revealing its molecular formula to be C 18 H 24 O 6 . The IR spectrum showed absorption bands at ν max 3430 (br), 2862 (sh) and 1717 cm -1 suggesting the presence of a hydroxyl group, C-H of a formyl group, and a ketone carbonyl, respectively, while the peak at ν max 1637 cm -1 , together with the 13 C NMR signals at δ 187.2 and 183.2, suggested the presence of a 1,4-benzoquinone system. The 1 H and 13 C NMR spectra together with HSQC data ( In the COSY spectrum of 1, the signal at δ 3.04 (dq, J = 9.9 and 7.2 Hz) (H-3) showed correlations with the methyl protons at δ 1.23 (d, J = 7.2 Hz) (H 3 -4) and with the signal at δ 5.46 (dq, J = 9.9 and 6.0 Hz) (H-2), while the latter showed correlation with the methyl group at δ 1.34 (d, J = 6.0 Hz) (H 3 -1), revealing the presence of a CH 3 -CH-CH-CH 3 spin system ( Figure 1 ). The singlet appearing at δ 7.84 in the 1 H NMR spectrum showed HMBC correlation to the oxygenated methine carbon at δ 73.1 (C-2) and the proton attached to that oxygenated methine carbon (δ H 5.46) showed HMBC correlation to the carbonyl carbon at δ 160.4, indicating the connectivity of the HCO 2 group to the CH 3 -CH-CH-CH 3 spin system at C-2 ( Figure 1 
), which correlate to the triplet at δ H 2.43 (H 2 -4''), revealing the presence of a -CH 2 CH 2 CH 2 CH 2 -spin system ( Figure  1 ). The singlet appearing at δ 2.11 (3H) in the 1 H NMR spectrum revealed a methyl group adjacent to a carbonyl carbon, which showed HMBC correlations to the carbonyl carbon at δ 209.3 and to the methylene carbon at δ 43.6 (C-4'') suggesting the presence of a CH 3 CO group attached to the above spin system ( Figure 1 ). Methyl protons at δ 2.07 (s) showed HMBC correlations to the carbonyl carbon at δ 187.2 (C-3'), 145.1 (C-2') and 140.5 (C-1') placing it at C-2', while the methyl protons at δ 1.23 (d, J = 7.2 Hz) showed HMBC correlations to the carbon at δ 140.5, indicating the connectivity between C-3 and C-1'. The proton at δ H 3.04 (H-3) showed HMBC correlations to the carbonyl carbon at δ 183.2 (C-6') and 145.1 (C-2') confirming this connectivity, while protons at δ H 2.39 (t), (H 2 -1'') showed HMBC correlations to carbons at δ 187.2 (C-3'), 120.1 (C-4') and 151.0 (C-5'), suggesting the connectivity between C-4' and C-1''. The presence of OH at C-5' was evident by its marked down-field chemical shift value (δ c 151.0) [7] and the absence of any vinylic H atoms, in addition to the HMBC correlations of the signal at δ H 7.05 (5'-OH) with δ C 151.0 (C-5'), 183.2 (C-6') and 120.1 (C-4'). Thus, the structure of citriquinone A was elucidated as a hitherto unknown benzoquinone, 3-[5-hydroxy-2-methyl-3,6-dioxo-4-(5-oxohexyl)cyclohexa-1,4-dienyl]butan-2-yl formate (1) . The stereochemistry of C-2 and C-3 were assigned as R and S respectively by comparison with the coupling constants of the reported citrinin derivatives citrinin H1 and citrinin H2, which have similar chiral centers [8].
Citriquinone B (2), obtained as a yellow film, analyzed for C 18 H 26 O 6 by a combination of high resolution ESIMS and NMR data. Comparison of 1 H-and 13 C-NMR spectra of 2 with those of 1 revealed that 2 differed from 1 only in the C 6 δ H 1.14; δ C 23.6] and a hydroxy methine [δ H 3.74 (m); δ C 68.4] instead of (CH 2 ) 4 and CH 3 CO in citriquinone A (1). The 1 H-1 H COSY spectrum showed that the methyl protons at δ 1.19 (d, J = 8.0 Hz) correlate with the methine protons at δ 3.01 (m), while the methyl group at δ 1.14 (d, J = 4.0 Hz) correlate with the methine protons at δ 3.74 (m), revealing the presence of two CH 3 CH groups (Figure 2 ). The secondary methyl group at δ H 1.14 (H 3 -6'') showed HMBC correlations with the oxygenated carbon at δ 68.4 (C-5'') and the methylene carbon at δ 37.9 (C-4''), while the methylene protons at δ 1.23 (H 2 -4'') showed HMBC correlations with the methine carbon at 30.0 (C-2''). The methyl group at δ H 1.19 (H 3 -1'') showed a HMBC correlation with the methylene carbon at δ 30.5 (C-3''), while the methine protons at δ 3.01 showed a HMBC correlation with the methylene carbon at δ 37.90 (C-4''). These data suggested the presence of a CH 3 CHCH 2 CH 2 CHCH 3 spin system. Connectivity between C-4' of the benzoquinone ring and C-2'' of the above spin system was established by the HMBC correlation between δ H 1.19 (H 3 -1'') and δ C 123.7 (C-4′) ( Compound 1 was evaluated for antibacterial activity against Bacillus sp. at a dose of 250 μg/disc using the Kirby-Bauer Disc Diffusion method [9] . Amoxicillin 25 µg and a disc soaked with MeOH and dried completely served as positive and negative controls, respectively. Plates were incubated at 35°C for 24 hours and the inhibition of bacterial growth was evaluated as a measure of the diameter of zone of inhibition. It was found that 1 had moderate antibacterial activity compared with amoxicillin ( Table 2) .
Citriquinone A (1) was assayed for cell migration inhibitory activity using human cancer cell line HEp 2. After growing cells in vitro in 96 well plates a scratch was made on wells with cells at the confluence stage. Citriquinone A (1) at a concentration of 0.5 mg/mL (dissolved in growth medium containing 1% DMSO) was introduced into wells and incubated for 24 h. Development of new cells to reduce the width of the scratch from its initial stage was determined qualitatively by comparing the width of the scratch after incubation in each well in the presence of test sample and control (1% DMSO in the growth medium) using microscopic images. It was revealed that 1 had a moderate inhibitory effect on the growth/migration of the HEp 2 cells when compared with the control (Figure 3 ). 
Experimental
General: IR (KBr disc) spectra were recorded on a Thermo Nicolet AVATAR 320 FT-IR spectrometer equipped with Ez-omic software. Optical rotations were measured in CHCl 3 with a JASCO Dip-370 digital polarimeter. 1D and 2D NMR spectra were acquired on a Bruker Avance III 400 spectrometer in CDCl 3 at 400 MHz for 1 H NMR and 100 MHz for 13 C NMR using residual CDCl 3 resonances as the internal reference. High-resolution MS were acquired on an Agilent 6520 Accurate Mass Q-TOF instrument and Shimadzu TOF spectrometer. Analytical and preparative thin layer chromatography (TLC) was performed on pre-coated 0.25 mm thick plates of silica gel 60 F 254 . The compounds were detected by spraying with a solution of anisaldehyde followed by heating (analytical TLC). Column chromatography was carried out on silica gel 60 (0.063-0.2 mm, Fluka). Chemicals used for media preparation in the cell migration inhibition assay were purchased from either Sigma-Aldrich or Invitrogen, and culture flasks and well plates were purchased from Sarstedt. Media for fungal and bacterial cultures were purchased from Himedia.
Fungal isolation and identification:
A soil sample was collected from the garden of the Botany Department, University of Sri Jayewardenepura, Sri Lanka. The soil (1 g) was suspended in
Benzoquinones from Penicillium citrinum Natural Product Communications Vol. 8 (10) 2013 1433 peptone water (99 mL) to make a 10 -2 dilution from which was made a serial dilution up to 10 -5 . From each dilution 0.1 mL was spread on Yeast Malt Agar (YMA) plates containing 50 µg/mL of amoxicillin to suppress the growth of bacteria. Plates were incubated at 30°C until fungal cultures appeared and were successively sub-cultured in order to obtain pure cultures. The working culture was prepared on potato dextrose agar (PDA) slants and stored at 4C. A voucher specimen of the culture (VR/09/81/01) was deposited at the Department of Chemistry, Open University of Sri Lanka.
For DNA extraction, the fungal isolate was grown in YMA for 5-7 days at 30°C. Mycelium was harvested and DNA was extracted using a Promega Extraction Kit. Nuclear ribosomal internal transcribed spacers and 5.8s gene (ITS rDNA; ca. 600 base pairs) were amplified by Polymerase Chain Reaction (PCR) using the primer pairs ITS 1 (5′TCCGTAGGTGAACCTGCGG) and ITS 4 (5′TCCTCCGCTTATTGATATGC). PCR products were visualized by gel electrophoresis and purified using a Geneshun kit. Purified DNA was subjected to automated sequencing with the Big Dye Terminator version 2.0 (PE biosystem) and the resulting sequence was analyzed with the NCBI blast tool. Thus the isolate was designated as Penicillium citrinum.
